Waste medications forming a very broad portion of micropollutants (with high EDC effects) are known to be very dangerous for the ecosystem and are not sufficiently treated in conventional treatment facilities leading to discharge into surface and underground water, threatening the ecosystem and human health as they pass into drinking water and soil. The metabolite products formed during cycles of these micropollutants (MP) in the ecosystem may be toxic and dangerous to the same degree or even more. Within the framework of zero-waste policies, this study was completed with the aim of finding a more permanent and sustainable solution to this important problem based on the most effective and applicable method of controlling these pollutants at the source. Ataturk University campus located in Erzurum was chosen as a pilot application area and speciallydesigned Waste Medication Collection Containers were placed at five different points determined by observing different factors. Waste medications collected from the containers were emptied in seasonal periods (once in 3 months) and sent to IZAYDAS for incineration through a ministry-licensed and accredited hazardous waste intermediate storage company. A total of 190.75 kg was collected during the first 3-month period (summer season), with 261.40 kg collected during the second 3-month period (autumn season), 310.70 kg collected during the third 3-month period (winter season) and 260.80 kg collected in the fourth 3-month period (spring season). A total of 1023.65 kg of waste medication was collected and destroyed during the one-year period. Data collected were analyzed with the SPSS statistical program (one-way ANOVA) according to seasonal changes. In addition, social information and awareness studies (details presented in article) continue at a rapid rate.
Introduction
Control of one of today's most important problems of waste medication, without harming the environment or human health, is a very important topic. Medication may become waste in homes, pharmacies-depots and health organizations due to passing best-by dates; lack of use due to healing, stopping medication use, or overprescription; disrupted or damaged packaging due to storage in inappropriate conditions (temperature/light/humidity); or contamination due to accidental spillage. Waste medication is accepted as a class of hazardous waste with toxic and refractory (resistant to biodegradation) features due to the organic origin of the effective ingredients. Waste medications consistently accumulate mainly in health organizations, depots and homes periodically. Research has shown that 80% of waste medication accumulating in homes is disposed of by being thrown in the garbage or flushed down the toilet, while only 20% is surrendered to health organizations. The fate of medications given to health organizations is a controversial topic. Waste medication being thrown in the garbage or flushed down the toilet makes our drinking water unusable. Medications thrown in the garbage are a potential danger to children and animals living on the street, and fluid seeping from garbage may contaminate soil and groundwater. Medications flushed down toilets or sinks reach treatment plants which increases the dangerous organic micropollutant load in urban sewage systems. As waste medication is considered a micropollutant, it is not sufficiently treated by conventional treatment plants and threatens the ecosystem and human health by entering water again, the soil and even the air (Segura et al., 2011; Ribeiro et al., 2015; Barbosa et al., 2016; Tousova et al., 2017) . When waste medications enter the air, water or soil they may have ecotoxic effects on cultivated plants, drinking water, aqueous organisms and fish. Apart from this, EDCs may cause serious harm to the immune system, reproductive system and hormonal system in humans leading to problems that cannot be ignored (World Health Organization 2012; Muter et al., 2017; Park et al., 2017; Sousa et al., 2018) .
Waste medications, causing many problems in environmental ecosystems and also causing negative pressure on environmental and human health, are within the micropollutant class. Micropollutants may be due to industrial or anthropogenic sources, and even at very low concentrations in water and wastewater they have chronic toxic (mutagenic, teratogenic, carcinogenic) and/or endocrine disruptive chemical (EDC) effects (large effects from small amounts). With very different features in terms of physicochemical properties, these are "problematic" chemicals in terms of treatment. In spite of low quantity amounts, these micropollutants are refractory in water and soil, are persistent and mostly of organic origin and mix with wastewater in treatment facilities and may discharge and mix with soil, groundwater, mud, sediments and even our drinking water (Ceylan and Mustafaoğlu, 2018) .
Micropollutants may be investigated under two headings as organic and inorganic. In the organic micropollutant class there are pesticides, polyaromatic hydrocarbons (PAH), persistent organics (PO), hormones (natural and synthetic, medications (antidepressants, antibiotics, chemotherapy medications, etc.), personal care products (shampoo, creams, etc.), drugs and narcotics, microplastics, and surfactants. Organic nanochemicals include a broad range of products. In the inorganic micropollutant class, there are nanomaterials, metals-semimetals and radioactive elements (lead, cadmium, mercury, arsenic, antimony, radon, uranium, etc.) .
With difficult biologic and chemical degradability, micropollutants appear to cause great harm to the ecosystem by mixing with water or wastewater. Due to bioaccumulation in living organisms (lipophilic), most micropollutants are toxic and carcinogenic. Forming a large portion of these micropollutants, nearly 70% of pharmaceuticals and personal care products are thrown into domestic waste water, with 20% coming from agriculture and animal husbandry and the remaining portion from hospitals and health organizations (Margot et al., 2015; Das et al., 2017; Ceylan and Mustafaoğlu, 2018) .
When
investigating the fate of micropollutants after they enter the ecosystem, the interacting transport routes in air-water-soil/sediment are important. The transport and transformation processes from air to water, water to air-soil and sediment (Table 1 ) may be observed in flora and fauna linked to the physicochemical features of micropollutants (molecular structure and mass, melting-boiling point, condensation pressure, volatility, water solubility/hydrophilicity, fat solubility/lipophilicity, distribution coefficients between water/sedimentwater/soil-water/natural fats, logKow, KH, Koc, KD values, etc.) (Padhye and Tezel, 2013) . into the presence of micropollutants in the three basic elements of the environment of air, water, and soil/sediment and their fate continue intensely. Among micropollutants, studies about the presence and fate of medications, especially, personal care products and pesticides within soil and aquatic environments have reached notable dimensions. There are countless studies revealing the presence and fate of these in surface water led by sewer water-urban waste water treatment facilities, in groundwater and drinking water and also in soil (Luo et al., 2014) .
Micropollutants
found in aqueous environments have become an environmental and health problem with worrying dimensions for the ecosystem and organisms living in the ecosystem (Kolpin, et al., 2002; Emmanuel et al., 2004; Hernando et al., 2006; Verlicchi et al., 2010; Deblonde et al., 2011; Luo et al., 2014) . Pollutants called micropollutants increasing with rapid rates in recent years display rapid spread in the environment with both natural and anthropogenic activities (Cordy et al., 2004; Vieno et al., 2007; Arp, 2012; Loos et al., 2013; Phillips, et al., 2015; Yang and Zhang 2016) .
Micropollutants are found at microlevels in waste water from health organizations and hospitals, in addition to domestic waste water. They are accepted by the EPA as new xenobiotic chemicals threatening human and environmental health at serious dimensions with all aspects currently unknown (Schwarzenbach et al., 2006; Leminh et al., 2010; Yaşar et al., 2013; Burke et al., 2014; Gulde et al., 2016; Nas et al., 2017) .
In this study, as emphasized above, micropollutants are one of the most common types occurring the ecosystem, with countless studies performed or being performed about medication which has become waste. This study aims to share the statistical results of our pilot application of a practical solution that can easily be applied in all cities in Turkey in general, whereby these medications are collected and accumulated in sustainable fashion before they can be dumped into the ecosystem.
In fact, within the framework of the zerowaste policy rapidly being adopted in our country, our study was completed as part of the "take precautions before pollution, recycle if possible" principle with the possibility for continuation and development.
In the name of solving this current problem, some pharmacies or family health centers have set up waste medication containers in an attempt to collect medications. However, medications collected in the warm indoor temperatures in buildings in plastic or cardboard containers become a problem due to being left in inappropriate conditions and not being sent to the necessary facilities at defined periods. Most of the time collected waste medication is placed in several layers of plastic bags and left in domestic waste containers.
Figure 2.
Cycle of pharmaceuticals to waste medications.
As there are no circumstances allowing for the reuse of waste medication (medication left in uncertain conditions), it is necessary to collect the medication, store it and send it to disposal facilities. The necessary conditions for collection of waste medication are stated in the 6th item in the Control of Hazardous Waste directive (Official Gazette number 25755, Date 14.03.2005) (CSB, 2019; Resmigazete, 2019a).
The steps before destruction after collecting hazardous waste are that intermediate storage should be completed safely and must be performed within the framework of criteria stated in the hazardous waste storage facility directives (Resmigazete, 2019b).
In the name of solving this current problem, some pharmacies or family health centers have set up waste medication containers in an attempt to collect medications. However, medications collected in the warm indoor temperatures in buildings in plastic or cardboard containers become a problem due to being left in inappropriate conditions and not being sent to necessary places in certain periods.
Additionally, pharmacies undertaking this task must code each waste medication one-by-one and enter them into the Waste Medication Collection System (WMCS) program; after registering the medications the total sales price apart from VAT must be imaged and listed. This is not practical in application and is a heavy responsibility for pharmacies (BEK, 2019) .
To avoid all these problems, collecting waste medication alone separate from other types of waste in special risk-free containers and transporting them to incineration facilities is a situation that should be carefully presented. medication collection containers were placed at five points determined within the campus. These points were chosen due to ease of access and being the most appropriate in the campus. Points chosen for container placement were under 24-hour surveillance by security cameras operated by Atatürk University security.
Additionally, as the air temperature in Erzurum is mainly cold, the continuous cold especially at depth in the soil provided an important advantage for our study.
2.Material and Method

Study Area
Within the scope of this study, Atatürk University located in central Erzurum was chosen as pilot application area. Waste medication collection containers were placed at five points determined within the campus. These points were chosen due to ease of access and being the most appropriate in the campus. Points chosen for container placement were under 24-hour surveillance by security cameras operated by Atatürk University security. Additionally, as the air temperature in Erzurum is mainly cold, the continuous cold especially at depth in the soil provided an important advantage for our study. 
Study Method
Five waste medication collection containers were located within Atatürk University campus. Waste medications were collected at the end of the 1 st period from 1 June 2018-31 August 2018, at the end of the 2 nd period from 1 September 2018-30 November 2018, at the end of the 3 rd period from 1 December 2018 -28 February 2019 and at the end of the 4 th period from 1 March 2019-31 May 2019.
Thus, in order to complete all seasonal (summer-autumn-winter-spring) statistics, the year was separated into four periods and containers were emptied four times per year.
In order to effectively collect waste medications, specially-designed containers were used. Figure 5 shows the above and below ground sections of the waste medication collection containers. Figure 6 shows the polymeric sack placed within the waste medication collection container. The container body is a single piece with no joins and most of it is buried within the soil. It is definitely waterproof and leakproof. A 1.6-meter section of the container is buried in the ground. Thus, the placement does not take up much space and has a structure that is not affected by temperature, light and humidity. Both the main lid and filling lid can be locked. There is no way to access the inside and retrieve any medications. Additionally, as shown in Figure 5b , the interior of the buried main body is made of a mobile polyethylene-polypropylene mixture with ergonomic design with medications dropped directly into a mobile sack system. Each waste medication container has 800liter volume, with capacity to hold almost 80 ± 10 kg waste medication when full based on measurements and calculations.
With 5 containers placed within the university campus boundaries, in each period (3 months) nearly 400 kg can be collected with 1200 kg (1.2 ton) collected each year.
After the design stage for the containers, the setup stage buried the waste medication collection containers 1.6 meters under the ground. Figure 7 shows images from the setup stage. After waste medication is collected in this container, they can be removed with the special sack system shown in Figure 10 .
This sack system is one hundred percent leak proof and can be removed from within the container with the aid of handles at the top. The sack can be emptied into previously prepared boxes without touching the medications by pulling on a cord at the side (Figure 10b ). After sensitive weight measurements, boxes are labelled with waste medication codes (radioactive medications are not included in this scope) as shown in Figure 11a and sent to an intermediate storage facility by cargo ( Figure 11b ). Some of the energy produced meets the requirements of the facility, with the remaining energy sold.
As a result, waste medication that cannot be reused and forms an important hazardous waste that poisons organisms and humans by distributing micropollutants into the ecosystem is used in this way to provide two important gains. The first is that entry to the ecosystem is prevented and the second is that we transform toxic waste into electrical energy. Figure 13 . Use of the waste medication containers.
Results and Discussion
Waste Medication Amounts Collected In The First Year
Within the scope of the project, the amounts of waste medication collected from 1 June 2018 to 31 May 2019 can be seen in Table  2 .
In the first 3-month period (1 June 2018 -31 August 2018), 190.75 kg waste medication was collected, while in the second 3-month period (1 September 2018 -30 November 2018) 261.40 kg waste medication was collected, in the third 3-month period (1 December 2018 -28 February 2019) 310.70 kg waste medication and in the fourth 3-month period (1 March 2019-31 May 2019) 260.80 kg waste medication was collected. In total on an annual basis 1023.65 kg/year waste medication was collected and sent to the disposal (incinerator) facility as seen in Table 2 . From 1 June 2019, the second annual process began with data being collected for further seasonal statistical studies. 
Statistical Evaluation of Data
Data were investigated with the SPSS statistical program (IBM, 2019a; IBM, 2019b) . Table 3 shows the descriptive statistical results for waste medication collection data for the first, second, third and fourth periods.
In the first 3-month period, the maximum and minimum waste medication fill rates for containers were 57.23% for the Residences and 38.15% for the KYK Female Dorms in terms of mass percentage. Additionally, while the total container volume when full is maximum 800 liters, our data found the total fill volume at the maximum point reached 381.52 liters. In the second 3-month period, the maximum and minimum waste medication fill rates for containers were 70.39% for the Residences and 60.45% for the KYK Female Dorms in terms of mass percentage. Additionally, while the total container volume when full is maximum 800 liters, our data found the total fill volume at the maximum point was calculated to be 522.80 liters.
In the third 3-month period, the maximum and minimum waste medication fill rates for containers were 82.69% for the Residences and 68.04% for the KYK Female Dorms in terms of mass percentage. Additionally, while the total container volume when full is maximum 800 liters, our data found the total fill volume at the maximum point reached 621.44 liters.
In the fourth 3-month period, the maximum and minimum waste medication fill rates for containers were 72.64% for the Residences and 56.53% for the KYK Female Dorms in terms of mass percentage. Additionally, while the total container volume when full is maximum 800 liters, our data found the total fill volume at the maximum point reached 521.6 liters. 
Conclusion and Recommendations
With each passing day, we encounter new pollutants and effects in the micropollutant class. As a result, with the necessity to control these micropollutants in wastewater (urban, industrial) and drinking water treatment facilities (under current conditions, removal of MP in treatment facilities operating with conventional methods is difficult, even impossible), development of the most appropriate and sensitive methods for analysis of these micropollutants has become unavoidable. However, the most effective and applicable method under the zero-waste policy requires us to always consider the reality of controlling these pollutants at the source. Based on the principle of controlling the source, within the scope of our research, five 800 L specially-designed containers were placed at clearly noted points for collection of waste medication beginning in June 2018 in a pilot study in Atatürk University campus. As stated above, the containers were emptied 4 times within the year at 3-month intervals, the contents were carefully packed and sent to the Izaydaş incinerator facility for pyrolysis via an intermediate waste storage firm. The second annual process began in June 2019.
In the first annual process, a total of 190.75 kg was collected in the 1 st period (3 months/summer), 261.40 kg was collected in the 2 nd period (3 months/autumn), 310.70 kg was collected in the 3 rd period (3 months/winter) and 260.80 kg was collected in the 4 th period (3 months/spring) for a cumulative total of 1023.65 kg of waste medication collected and sent for incineration.
According to data obtained from Izaydaş hazardous waste incineration facility, the incineration capacity of the facility is 5400 kg hazardous waste/h. When this amount of hazardous waste is incinerated thermal value is 85 Gj/h and electric production capacity is 5.2 MW/h (IZAYDAS, 2019).
Based on this data, according to the results of our model study in Atatürk University campus, calculations based on 1023.65 kg waste medication/yr provided electrical production of nearly 1 MW/h or 1000 kW/h. When this model study is performed on a city basis, the amount of waste medication that will be collected will increase to serious dimensions. If a small capacity incineration facility is built in our city, similar to IZAYDAS, this facility will provide the energy requirements of the city from just the collected waste medications. In fact, apart from waste medication, many varieties of hazardous waste are present and as is known, currently the most commonly chosen disposal method for waste entering the hazardous class is incineration. In addition to waste medication collected on a city basis, if neighboring cities are considered, it will be smart to provide serious investment for the future.
Additionally, our pilot study began in the university campus and is a sustainable and applicable study that can be expanded to all cities or even the whole country when statistical data is complete. Collection of a ton of waste medication within a year prevented mixing with the ecosystem by avoiding disposal in rubbish or sewer systems.
Waste medications, micropollutants themselves or their metabolite products formed in the ecosystem, enter a continuous cycle in the ecosystem affecting water, organisms in aquatic environments and soil and from there passing to our food and easily reaching humans through biomagnification routes to cause all types of acute and chronic toxic effects including EDC effects and form an important class of hazardous waste. As a result of this study, we showed that this waste medication can be controlled in sustainable and easily applicable manner.
An important element in the study being sustainable and reaching the desired continuous efficiency is the sensitivity shown about the topic by our people and our stakeholders. Based on sustainability among people and the principle that a tree bends when young, it is important to continue social awareness studies uninterrupted with our students from preschool to university.
For this reason, an important part of the project was the social awareness aspect. In the name of social awareness, seminars and conferences (Figure 18a-b) were, and continue to be, organized at certain periods in schools from preschool to high school level. Additionally, in coordination with Atatürk University Faculty of Communication, a public information spot was prepared to reach all sections from seven to seventy years about the topic on TV channels; the first related to awareness and information about waste medication in Turkey. Local press releases were made at certain periods ( Figure 19 ). Informative posters were displayed on city billboards (Figure 20a ), with brochures prepared (Figure 21 ) and specially-designed recyclable waste medication carrying bags (Figure 17b ) left during short information visits to as many houses and businesses as possible. Specially-prepared posters were continuously displayed on noticeboards in schools and faculties (Figure 20b ). Studies about messages sent to mobile telephones continue. Additionally, during our research to date no application has placed speciallydesigned containers (smart container design studies continue) buried underground at public points in accordance with certain criteria to accumulate waste medication and continuously check all details until the destruction stage.
As seen in Figure 17a , landscaping studies were completed so our waste medication containers attracted more attention and had a sympathetic visual appearance when in use. The sustainable and applicable aspects of our project have attracted attention and in cooperation with Erzurum 13th region Association of Pharmacists-Provincial Health Directorate, the metropolitan municipality has begun feasibility studies to apply this project throughout the city center in a short period.
